Dear Editor,

Created in 2001 and retained in 2008, the World Health Organization (WHO) now recognizes a distinct category of myelodysplastic/myeloproliferative neoplasms (MDS/MPN), for those patients at diagnosis with clinical, morphologic and laboratory features which overlap both those of MDS and MPN.([@R1]) Four hematopathologic diagnoses exist within this category; chronic myelomonocytic leukemia (CMML), atypical chronic myeloid leukemia BCR-ABL1 negative (aCML), juvenile myelomonocytic leukemia (JMML), and myelodysplastic/myeloproliferative neoplasm, unclassifiable (MDS/MPN-U).

Of the four "overlap" MDS/MPN syndromes, MDS/MPN-U is the least well characterized.([@R2]) It encompasses patients with features of both MDS and MPN at presentation that do not satisfy criteria for CMML, JMML, or aCML. MDS/MPN-U is formally defined as patients with no preceding history of MDS or MPN, no recent cytotoxic growth factor therapy, no Philadelphia chromosome, *BCR-ABL1* fusion gene, *PDGFRA*, *PDGFRB* or isolated del(5q), t(3;3)(q21;q26) or inv(3)(q21q26), and with dysplastic features in ≥1 hematopoietic cell line, \<20% blasts in the blood and bone marrow, prominent myeloproliferative features (i.e., platelet count ≥450×10^9^/L or white blood cell count ≥13×10^9^/L, with or without splenomegaly); or *de novo* disease with mixed myeloproliferative and myelodysplastic features which cannot be assigned to any other category of MDS, MPN or of MPS/MPN.([@R3]) While there are no identifying cytogenetic or molecular features of MDS/MPN-U, recurrent mutations are found within this category and notably include *JAK2-V617F* in approximately 25% of patients. Additionally, *JAK2-V617F* mutations are present in up to 60% of MDS/MPN-U patients with refractory anemia with ringed sideroblasts and thrombocytosis (RARS-T), a pathologic diagnosis currently residing as a provisional entity within the MDS/MPN-U category.([@R4], [@R5])

MDS/MPN-U is a rare diagnosis, making up less than 5% of all myeloid disorders.([@R6]) Accordingly, clinical characteristics and the natural history of patients with MDS/MPN-U are not well established, though poor prognosis among patients with MDS/MPN-U (without RARS-T) has been suggested in small series to date.([@R5], [@R6]) No standard prognostic or treatment algorithms for MDS/MPN-U exist. Our aim was to evaluate patients with a confirmed diagnosis of MDS/MPN-U without RARS-T, in order to provide insights into the nature of this unique myeloid overlap syndrome with implications to appropriate treatment strategies.

All patients with MDS/MPNs from January 1987 to February 2013 at the University of Texas MD Anderson Cancer Center were reviewed. Patients seen prior to 2006 with a diagnosis of MDS/MPD or MPD-unclassifiable were reviewed by two independent hematopathologists and diagnoses were modified, when appropriate, according to the current WHO criteria.([@R3]) Patients were excluded if the *de novo* presence of both myelodysplastic and myeloproliferative features at diagnostic presentation was unable to be confirmed. All patients with RARS-T were excluded per 2008 definition.([@R3]) In total, 85 patients with a diagnosis of MDS/MPN-U, without RARS-T, were included. All patients were tested and were negative for the *BCR/ABL* translocation by fluorescence in-situ hybridization (FISH) and/or polymerase chain reaction (PCR), and *JAK2-V617F* was assessed by standard PCR technique. Peripheral and bone marrow monocyte counts were assessed in all patients, and all patients were classified according to the International Prognostic Scoring System (IPSS) for MDS([@R7]), the International Working Group (IWG) IPSS for myelofibrosis([@R8]), the IPSS-Revised (IPSS-R),([@R9]) and the MDA Global MDS model.([@R10]) This retrospective chart review protocol was approved by the University of Texas MD Anderson Institutional Review Board. Overall survival (OS) was analyzed using the Kaplan-Meier method and compared by log-rank test.

Characteristics of the 85 MDS/MPN-U patients are summarized in [Table 1](#T1){ref-type="table"}. MDS/MPN-U patients were predominantly over the age of sixty (92%) with a median age of 70 years, and 61 (72%) were male. Thirty patients (35%) had splenomegaly at presentation, 11 patients (13%) had thrombocytosis (\>450 × 10^9^/L), 15 patients (18%) had leukocytosis (\>13 × 10^9^/L) and median absolute monocyte count was 0.37 x10^9^/L. Of 56 patients with known *JAK2* status, 17 patients (30%) had a *JAK2-V617* mutation. The majority of patients had either diploid cytogenetics (49%) or trisomy 8 as the sole abnormality (15%); 10 patients (12%) had a complex karyotype and 20 patients (23%) had other abnormalities including deletion(12p), trisomy 9, deletion (20q), or deletion (7q). One patient had isolated isochromosome (17q).

Median OS was 12.4 months (0.3--138.7 months). The four clinical variables associated with favorable outcome included age \<60 years (*p*\<0.001), thrombocytosis (*p*\<0.001), lack of circulating blasts (*p*=0.023) and ≤5% bone marrow blasts (*p*=0.017). In multivariate analysis, only thrombocytosis ≥450 × 10^9^/L retained prognostic significance (*p*=0.001). Due to the defining presence of both MDS and MPN-like features, both MDS and MPN prognostic scoring systems were applied \[[Table 1](#T1){ref-type="table"}\]. While neither the MF-IPSS score nor IPSS-R score provided prognostic information (*p*=0.18 and *p*=0.06, respectively), the MDS-IPSS score imparted a statistically significant classification to our MDS/MPN-U cohort, with a median OS by MDS-IPSS score of 15.4, 17.7, 8.3 and 6.9 months, respectively (*p*=0.039) \[[Figure 1](#F1){ref-type="fig"}\]. The MDA global MDS model also imparted a significant prognostic classification with a median OS of 50.2, 12.5, 11.9 and 11.4 months (*p*=0.004).

Thirty-six patients (42%) received hypomethylating agent (HMA) therapy, and 13 patients (15%) an immunomodulatory approach (i.e. thalidomide, lenalidomide, interferon-α or antithymocyte globulin (ATG) with cyclosporine). Five patients (6%) received an allogeneic stem cell transplant (SCT), and five patients (6%) underwent splenectomy. HMA-treated patients had an OS of 16.4 versus 11.5 months with other approaches (*p*=0.57), while patients receiving immunotherapy had a non-significant trend towards a worse OS of 11.4 versus 15.4 months (*p*=0.07). Neither allogeneic SCT nor splenectomy impacted survival (OS 12.4 versus 12.5 months, *p*=0.16) and (51.1 versus 10.0 months, *p*=0.23), respectively.

For comparison purposes, the MDS/MPN-U population was compared to MDS (n=2241) and primary myelofibrosis (PMF) (n=600) MDA cohorts within the same time period \[[Supplementary Table 1](#SD2){ref-type="supplementary-material"}\]. While certain features of MDS/MPN-U aligned with either PMF or MDS, the MDS/MPN-U category was unique from MDS or PMF in almost every clinicopathologic characteristic. In general, MDS/MPN-U patients were older, more likely to be male, and more likely to have leukocytosis ≥25 ×10^9^/L at diagnosis. Isolated trisomy 8 was seen more frequently in the MDS/MPN-U group (15%) than in either PMF (4%) or MDS (5%). Consistent with prior reports of poor prognosis, MDS/MPN-U patients had inferior survival of 12.4 months, compared to 16.0 months with MDS and 41.5 months with PMF (*p*\<0.001) \[[Supplementary Figure 2](#SD4){ref-type="supplementary-material"}\].

MDS/MPN-U is an infrequent diagnosis with inadequate characterization. We describe the largest cohort of MDS/MPN-U analyzed to date, and several insights are worthy of discussion. Several limitations must nevertheless also be considered. There may be selection bias in the MDS/MPN-U diagnosis, as this is a rare entity which requires hematopathologist vigilance for accurate diagnosis. Whether MDS/MPN-U is differentially diagnosed in the community versus academic centers has not been systematically evaluated. Some patients who may fit the diagnostic criteria for this overlap syndrome may have instead been classified as MDS-U and not captured within our analysis; this may have occurred at increased frequency prior to the official MDS/MPN category designation in 2001. Conversely, patients diagnosed as MDS/MPN-U without verifiable diagnostic information were excluded to ensure all patients were accurately diagnosed. OS was measured from initial diagnostic presentation at our institution, as this was the time-point at which all clinicopathologic variables were reported and the MDS/MPN-U diagnosis was established and/or confirmed. Approximately half of the cohort had been diagnosed with a myeloid malignancy \>3 months prior to MDACC presentation (48 patients, 56%), the majority (79%) of whom received observation, hydoxyurea, erythropoietin stimulating agents, or prior therapy was unknown. In patients who did initiate treatment prior to referral, prior treatment did not impact patient outcome.

Overall, we confirm the poor prognosis of MDS/MPN-U without RARS-T, with an OS of 12.4 months from presentation. Consistent with prior reports,([@R6]) *JAK2-V617F* mutations were not prognostic. Age, peripheral blast percentage, bone marrow blast percentage, platelet count, MDS-IPSS and MDA global score provided statistical significance in univariate analysis; only thrombocytosis was prognostic in the multivariate model. The improved OS of 52.5 months in patients with thrombocytosis is perhaps related to the increased morbidity and mortality observed with thrombocytopenia in myeloid malignancies and particularly MDS.([@R11], [@R12]) The 11 patients with thrombocytosis were otherwise a diverse group including 3 with circulating blasts, 2 with \>5% bone marrow blasts, 2 with splenomegaly, 7 with diploid cytogenetics, and 1 with *JAK2-V617F* mutation. Whether these patients share a specific genetic phenotype is conceivable, and molecular characterization of this subgroup is ongoing.

Our analysis validates the diagnosis of MDS/MPN-U as a unique pathologic entity, with distinctive features such as an increased (15%) incidence of isolated trisomy([@R8]). Despite the relative frequency of trisomy([@R8]) in myeloid malignancies, remarkably little is known about the pathogenic basis of this abnormality.([@R13]) Similar ongoing molecular analysis will investigate whether trisomy([@R8]) associates with particular somatic mutations in this cohort.

Despite statistical significance, the MDS-IPSS model is not ideal, as the majority (68%) of MDS/MPN-U patients had lower risk scores according to the MDS-IPSS, and yet had poorer survival than their lower-risk MDS counterparts. Furthermore, the improved survival seen in the Int-1 category compared to the low-risk category is contrary to expectation. One prognostic model of clinicopathologic variables has recently been developed from a cohort (n=92) of patients with either MDS-U or MDS/MPN-U, interestingly this cohort did not find platelet count to be of prognostic importance.([@R14]) The MDA global model also provided a significant tool for the MDS/MPN-U cohort (*p*=0.004). It is noteworthy that the MDA model was originally validated within 176 patients with CMML and leukocytosis, suggesting this may be an appropriate prognostic model to use in MDS/MPN patient populations.

No treatment regimen significantly improved response. Given their relative novelty, only 2 patients received *JAK2*-inhibitor therapy. In view of the *JAK2-V617* mutations present among MDS/MPN-U patients signifying overactivity of *JAK/STAT* signaling, *JAK2*-inhibitor therapy may ultimately prove effective, and indeed a clinical trial incorporating the combination of ruxolitinib and azacitidine for patients with MDS/MPN-U is ongoing at our institution.
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###### 

Baseline clinicopathologic features of MDS/MPN-U patients (n=85)

  Variable                            Total \#      \%    Median OS (months)   P-value
  ----------------------------------- ------------- ----- -------------------- ---------
  **Age**                                                                      
          **Median**                  70 (22-90)                               
          **\<60 years**              7             8%    50.2                 \<0.001
          **≥60 years**               78            92%   12.2                 
  **Sex**                                                                      
          **Male**                    61            72%   15.4                 0.556
          **Female**                  24            28%   12.4                 
  **ECOG PS**                                                                  
          **0**                       51            60%   12.5                 0.884
          **≥1**                      34            40%   12.4                 
  **Splenomegaly**                                                             
          **Yes**                     30            35%   11.6                 0.777
          **No**                      55            65%   15.5                 
  **Constitutional Symptoms**                                                  
          **Yes**                     59            69%   12.4                 0.771
          **No**                      26            31%   12.2                 
  **Prior Malignancy**                                                         
          **Yes**                     13            15%   11.9                 0.242
          **No**                      72            85%   12.5                 
  **WBC count (x10^9^/L)**                                                     
          **Median**                  17 (1-141)                               
          **\<13**                    39            46%   11.5                 0.567
          **≥13**                     15            18%   17.5                 
          **≥25**                     31            36%   12.4                 
  **HGB (g/dl)**                                                               
          **Median**                  10 (5-15)                                
          **\<10**                    39            46%   12.4                 0.504
          **≥10**                     46            54%   12.4                 
  **PLT count (×10^9^/L)**                                                     
          **Median**                  85 (6-1168)                              
          **\<450**                   74            87%   11.9                 \<0.001
          **≥450**                    11            13%   52.5                 
  **PB Blast %**                                                               
          **Median**                  1 (0-16)                                 
          **≥1%**                     48            56%   11.7                 0.023
          **None**                    37            44%   23.1                 
  **BM Blast %**                                                               
          **Median**                  3 (0-17)                                 
          **≤5%**                     60            71%   15.7                 0.017
          **6-10%**                   17            20%   11.7                 
          **\>10%**                   8             9%    4.5                  
  **Cytogenetics**                                                             
          **Diploid**                 42            49%   15.7                 0.224
          **+8**                      13            15%   11.9                 
          **Complex**                 10            12%   8.3                  
          **Other**                   20            23%   24.7                 
  **JAK2-V617F**                                                               
          **Median Allele Burden:**   48 (1-95)                                
          **Positive**                17            20%   8.9                  0.251
          **Negative**                39            46%   17.7                 
          **Unknown**                 29            34%                        
  **IWG-MF Score**                                                             
          **Low**                     2             2%    \< 2 valid cases     0.183
          **Int-1**                   17            20%   20.2                 
          **Int-2**                   18            21%   15.4                 
          **High**                    48            57%   11.9                 
  **MDS IPSS Score**                                                           
          **Low**                     23            27%   15.4                 0.039
          **Int-1**                   35            41%   17.7                 
          **Int-2**                   19            22%   8.3                  
          **High**                    8             9%    6.9                  
  **IPSS-R Score**                                                             
          **Very Low**                7             9%    15.4                 0.061
          **Low**                     27            33%   29.5                 
          **Int**                     19            23%   15.7                 
          **High**                    23            28%   11.5                 
          **Very High**               5             6%    6.8                  
  **MDA-Risk Score**                                                           
          **Low**                     16            20%   50.2                 0.004
          **Int-1**                   17            21%   12.5                 
          **Int-2**                   28            35%   11.9                 
          **High**                    20            25%   11.4                 

ECOG indicates Eastern Cooperative Oncology Group, PS indicates performance status, PB indicates peripheral blood, BM indicates bone marrow, WBC indicates white blood cell, HGB indicates hemoglobin, PLT indicates platelet, IWG-MF indicates International Working Group - Myelofibrosis Score, IPSS indicates International Prognostic Scoring System, MDS indicates myelodysplastic syndrome, MDA indicates MD Anderson
